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   以慢粒急变期 K562 细胞为研究对象，先用不同浓度三氧化二砷（0.1，0.5，
1.0，2.0，5.0 μmol/L）作用于 K562 细胞，MTT 法检测 K562 细胞生长情况；联
苯胺染色检测血红蛋白含量变化；流式细胞术检测 K562 细胞表面巨核系分化抗
原 CD41、红系分化抗原 GPA 表达量；RT-PCR 检测造血分化因子 BTG1、
TAL1mRNA 表达量及 Western blot 检测 BTG1、TAL1 蛋白表达量。然后再分别
用 0.005μmol/L 尼洛替尼与 1μmol/L 三氧化二砷单独或联合作用 K562 细胞 24、
48、72h，MTT 法检测 K562 细胞生长抑制率及在抑制增殖方面有无协同作用；
瑞氏吉姆萨染色观察细胞分化形态；联苯胺染色检测血红蛋白含量，观察是否向
红系分化；流式细胞术检测 K562 细胞表面巨核系分化抗原 CD41、红系分化抗
原 GPA、粒系分化抗原 CD11b、单核系分化抗原 CD14 表达量；RT-PCR 检测造
血分化因子 BTG1、TAL1mRNA 表达量及 Western blot 检测 BTG1、TAL1 蛋白
表达量。 
实验结果 
MTT 及形态学结果显示各浓度组 ATO 对 K562 细胞的增殖都有抑制作用，
且呈现一定浓度和时间依赖性，以浓度为 5μmol/L 的 ATO 于 72h 为显著。经
1μmol/L ATO 诱导后，联苯胺阳性细胞率由对照组 2.87%±0.63%升高至
17.63%±1.18%（P<0.01），其红系分化特异标志 GPA 由对照组的 3.39%±0.84%增
加至 68.46%±3.67%（P<0.01），巨核系 CD41 表达升高，但没有 GPA 明显，同
时伴随着分化相关转录因子 TAL1、BTG1mRNA 及蛋白表达量升高。与对照组




















导 K562 细胞向红系分化，ATO 组没有 AMN107 组效果明显，且两药联用对细
胞向巨核系及粒系分化有较强协同作用，Western-blot、PCR 结果提示，与对照
组相比，单用组及联用组 TAL1、BTG1 蛋白及 mRNA 表达量均有所上调。 
实验结论 
    ATO 及 AMN107 对 K562 细胞有明显增长抑制作用，两者具有协同作用；
ATO、AMN107 均可单独诱导 K562 细胞红系分化，但 ATO 的诱导效应不如
AMN107 明显，对巨核系及粒系分化效果不明显；两药联用时红系分化效应较
AMN107 单独作用略微减弱，但对巨核系及粒系有较强的协同效应。 

















  Objective  
  To determine the effect of arsenic trioxide and AMN107 alone or in combination on 
the proliferation and differentiationof chronic granulocytic leukemia cell K562 and 
the potential mechanism.Provide an experimental basis for clinical treatment of 
chronic myeloid leukemia in blast crisis. 
  Methods    
  In blastic phase CML K562 cells for the study.First,ATO with different 
concentration(0.1,0.5,1.0,2.0,5.0μmol/L) were administered on K562cells, and MTT 
assay was used to detect the inhibition rate of cell differentiation; Benzidine staining 
was applied to measure the change of hemoglobin content; flow cytometry(FCM) was 
conducted to detect the expression of CD41、GPA on membrane of K562 cells; 
RT-PCR and Wester blot were used to measure the expression of BTG1、TAL1mRNA 
and BTG1、TAL1 protein respectively. Secend, K562 cellswere treated with 1 μM 
ATO and 5 nM AMN107, either alone or in combination. Cell proliferation capability 
was evaluated using MTT assay. Cell morphology and the content of hemoglobin 
were examined by Wright-Giemsa staining and benzidine staining, respectively. The 
expression of cell surface markers was determined using flow cytometric analysis. 
The level of mRNA and protein was analyzed using reverse transcription polymerase 
chain reaction (RT-PCR) and western blotting, respectively. 
  Results   
  In the part I,our results showed that ATO suppressed cell proliferation in a dose- 
and time-dependent pattern (P<0.01 compared with control). in Benzidine staining, 
the positive ratio of K562 cells induced by ATO reached to 17.63%±1.18% compared 
with the control 2.87%±0.63%( P<0.01) and that of GPA, as the specific marker of 
erythroid cell differentiation achieved 68.46%±3.67% versus the control 
















obvious as GPA. Meanwhile, differentiation-related transcriptional factors TAL1、
BTG1mRNA and the corresponding protein were expressed more highly.In the part 
II,Our results showed that ATO, AMN107 alone or in combination suppressed cell 
proliferation in a dose- and time-dependent pattern (P<0.01 compared with control). 
Drug treatments promoted the erythroid differentiation of K562 cells, with the 
decreased nuclei/cytoplasm ratio, increased hemoglobin content, and glycophorin A 
(GPA) expression (P<0.01 compared with control), although macrophage/granulocyte 
lineage differentiation was also induced after drug treatment. In addition, the mRNA 
and protein levels of basic helix-loop-helix (bHLH) transcription factor TAL1 and B 
cell translocation gene 1 (BTG1) were both upregulated after 3 days of ATO and 
AMN107 treatment. 
  Conclusion  
  Our findings indicated that ATO and AMN107 treatment alone or in combination 
greatly suppressed cell proliferation but promoted the erythroid, macrophage and 
granulocyte lineage differentiation of K562 cells. AMN107 was most efficient in 
inducing erythroid lineage differentiation. After the two-drug combination, the cells 
showed differentiation into multiple lines. 
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缩略词 英文全称 中文全称 
CML chromic myelocytic leukemia 慢性粒细胞白血病 
STI571 STI571 伊马替尼 
BTG1 B-cell translocation gene B 细胞异位基因 1 
AMN107 Nilotinib 尼洛替尼 
ATO arsenic trioxide 三氧化二砷 
APL acute promyelocytic leukemia 急性早幼粒细胞白血病 
ALL acute lymphoblastic leukemia 急性淋巴细胞白血病 
ATRA all-trans retinoic acid 全反式维甲酸 
PCD programmedcel death 程序性细胞死亡 
Bc1-2 B-cell lymphoma /leukemia-2 gene 
B 细胞淋巴瘤或白血病
基因-2 
VEGF vascular endothelial growth factor 血管内皮生长因子 
GPA Glycophorin A 血型糖蛋白 A 
CBR1 Carbonyl reductase 1 羰基还原酶 1 
mRNA Messenger RNA 信使 RNA 
DMSO dimethyl sulfoxide 二甲基亚砜 
BC blast crisis 急变期 
CHR complete haematological response 完全血液学缓解 
Ph Philadephia 费城染色体 
MCyR major cytogenetic response 主要遗传学缓解 
MEL mouse erythroleukemia 小鼠红白血病 
MM multiple myeloma 多发性骨髓瘤 
TAL1 
T-cell acute lymphoblastic leukemia 
gene1 
干细胞白血病基因 




















的大量增殖为特征，90%以上的患者都具有异常的 Ph 染色体和 Bcr-Abl 融合基
因[1]，CML 可在任何年龄发病，但通常随着年龄的增加，其发病率也逐步上升，
至 45～50 岁发病率 高。男性发病略高于女性。其病程一般分为慢性期（chronic 





































目前仅已知 ATO 可诱导慢粒急变 K562 细胞不完全分化，AMN107 可诱导
急变细胞向红系及粒系方向分化[6]，但具体机制尚有待进一步研究。由此我们设
想 AMN107 联合 ATO 作用于慢粒急变 K562 细胞在诱导分化方面是否存在协同
作用。因此我们单用 ATO、AMN107 以及二者联合作用于慢粒急变 K562 细胞，
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